Purpose To study the risk factors, microbiological profile and clinical outcomes of infectious keratitis affecting paediatric patients. Study design Retrospective case series. Methods Review of case records of paediatric patients (0-16 years) diagnosed with infectious keratitis who presented to Aravind Eye Hospital, Madurai, India during January 2011 to December 2013. Demographic details, predisposing factors, microbiological investigations, clinical course and visual outcome were analysed. Results In this time period, 240 eyes of 234 children had a diagnosis of infectious keratitis. One hundred and twenty-five (53.4%) children had a history of trauma. Smears were obtained in 220 eyes, while culture was performed in 191 eyes. The culture results were positive in 142 (74.3%) eyes. Fungi was the most common infectious agent isolated in culture (54.2%) followed by bacteria (40.8%) and acanthamoeba (2.1%). Successful healing of the keratitis with appropriate medical therapy occurred in 223 (92.9%) eyes, while 17 (7.1%) eyes required therapeutic keratoplasty. Of the 151 patients with preliminary and final visual acuity, vision improved by 2 lines in 68 eyes (45%), stayed the same in 75 eyes (49.6%) and worsened in 8 eyes (5.3%).
INTRODUCTION
Infectious keratitis is a leading cause of monocular blindness worldwide. 1 2 This morbidity assumes an even greater magnitude in children considering the difficulties in clinical examination, microbiological sample collection and potential lack of adherence to the stringent treatment protocols. 2 Even after a good therapeutic success, this condition may leave a significant scar, which might result in amblyopia and a poor visual outcome. 3 Considering the disability-adjusted life years, the economic and social burdens of corneal blindness in a child are exponentially high when compared with an adult. 4 In low-income and middle-income countries, infections are the most common cause of corneal pathology in the paediatric population. An understanding of the local epidemiology and a thorough clinical evaluation, adequately supplemented with relevant microbiological investigations, appropriate and adequate antimicrobial therapy and subsequent amblyopia management is crucial to prevent significant ocular morbidity.
Risk factors and the aetiological agents for infectious keratitis in children may vary depending on the geographical location. In addition, these factors may alter over time, depending on socioeconomic changes happening in the individual regions. 5 6 Regular monitoring and dissemination of information addressing these potential variables is important for an ophthalmologist treating these patients.
The aim of this study was to evaluate risk factors for paediatric infectious keratitis in South India and to analyse the microbial spectrum, antimicrobial sensitivity, treatment modalities and visual outcome in this population and to compare with the existing literature to see for similarities and differences.
MATERIALS AND METHODS
This retrospective retrieval of patient data was performed after obtaining the permission of the Institutional Review Board of Aravind Eye Hospital. The records of patients 16 years or younger who presented to Aravind Eye Hospital between January 2011 and December 2013 and who were diagnosed with infectious keratitis were reviewed to assess the demographic data, predisposing factors, clinical course, microbial culture results, antibiotic sensitivity, treatment and visual outcomes.
All patients with infectious keratitis attending our hospital underwent a comprehensive examination as per a standard protocol by a cornea specialist. Visual acuity was recorded in all cooperative children. After documenting the clinical characteristics, all the eyes were subjected to a microbiological evaluation. Corneal scrapings were obtained under topical anaesthesia using 0.5% proparacaine (Aurocaine, Aurolab, India). General anaesthesia was used whenever required in very small children and those who were not cooperative under topical anaesthesia. Microbiological evaluation included two scrapings for smear examination (one each for Gram's stain and potassium hydroxide wet mount) followed by a subsequent sequential scraping for culture plating (blood agar and potato dextrose agar). If the ulcers were clinically suspected to be caused by unusual organisms such as Nocardia or acanthamoeba or if the smear results were positive for these organisms, additional relevant culture media were used. Very small ulcers underwent only a smear examination, while ulcers with a retained foreign body were subjected to culture only, when the foreign body was plated along with the material onto the culture. Antibiotic sensitivity was done for all organisms isolated according to the Clinical Laboratory Standard Institute guidelines. 7 The eyes were treated initially based on the clinical evaluation and microbiological smear examinations. The eyes with positive fungal smears were treated with 5% natamycin suspension (Myconat Ophtho Remedies, India) on an hourly basis during waking hours. Topical voriconazole 1% (Vozole, Aurolab, India) was supplemented for larger and deeper fungal ulcers. The eyes with smears showing Gram-positive organisms were treated with a topical preparation of 5% fortified cefazolin eye-drops on an hourly basis during waking hours (Reflin, Ranbaxy laboratories, India). If Gram-negative organisms were identified by smear examinations, 0.3% gatifloxacin (Zymar, Allergan, India) on an hourly basis was used during waking hours. Smear-negative patients were treated based on the clinical characteristics of the corneal ulcers. If the physician suspected fungal ulcers, then the patient was started with 5% natamycin eye-drops. If the physician suspected bacterial ulcers, then the patient was started with 0.5% moxifloxacin eye-drops (Vigamox, Alcon, India). In cases with ambiguous clinical manifestations, the patients were treated with both 5% natamycin and 0.5% moxifloxacin concurrently. The treatment was modified based on culture and antibiotic sensitivity reports. Topical antimicrobial therapy was supplemented with cycloplegics applied once at bedtime. None of the patients was treated with systemic antibiotics or antifungals. Patients whose ulcers progressed in spite of adequate and appropriate antimicrobial therapy underwent therapeutic keratoplasty.
Statistical analysis was done using statistical software STATA V.11.0, USA. Continuous variables were expressed as mean (SD) and categorical variables were expressed as frequency ( percentage).
RESULTS
This study involved 240 eyes of 234 patients. Six patients had bilateral involvement. Table 1 describes the demographic details along with the risk factors. Mean age was 9.3 years (range: 8 days to 16 years). There was a male preponderance with a male-to-female ratio of 1.7:1. The median duration from the onset of symptoms to time of presentation to our hospital was 3 days (range 1-60 days). The most common cause of trauma was vegetative matter in 64 of these 125 patients (27.3%). Trauma with vegetative matter was the most common risk factor in the age groups 1-7 years (27, 38.6%) and above 7 years (36, 24.2%), while injury with dust particle (2, 13.3%) was common in children with age less than 1 year. Thirty-two patients (13.7%) had pre-existing ocular conditions such as vernal keratoconjunctivitis, viral keratitis, xerophthalmia and exposure keratitis and were on appropriate treatment. Miscellaneous risk factors like contact lens use in three (1.2%) patients and a history of pond bath in six (2.5%) patients were noted.
Of the 234 patients, 29 (12.4%) patients had prior treatment with antibiotics, 9 (3.8%) patients had prior treatment with a combination of antibiotics and antifungals, 18 (7.7%) patients had treatment with native herbal medications and 7 (2.9%) patients had treatment with topical steroids. The patients had used many antibiotics like moxifloxacin, gentamicin, ciprofloxacin, gatifloxacin, tobramycin and chloramphenicol. Of these, moxifloxacin (11, 37.9%) and gatifloxacin (10, 34.4%) were the most commonly used antibiotics.
Two hundred and twenty eyes underwent microbiological smear examinations and the remaining 20 eyes had a retained foreign body, which was removed and plated in culture. Of the 220 eyes subjected to microbiological smear examination, 139 (63.1%) eyes were positive for microbial organisms. Of these 139 positive smears, fungi were identified in 68 (48.9%) smears, bacteria in 48 (34.5%) smears, both bacteria and fungi in 19 (13.6%) smears and acanthamoeba in 4 smears (2.8%) (table 2). Microbiological culture reports were positive in 142 of the 191 eyes that were subjected to this investigation. Fungi were the most common organism isolated in 77 (54.2%) eyes followed by bacteria in 58 (40.8%) eyes, mixed growth in 4 (2.8%) eyes and acanthamoeba in 3 (2.1%) eyes. Fusarium sp was the most common fungus identified in 46 (59.7%) eyes followed by unidentified hyaline fungi in 11 (14.2%) eyes. Pseudomonas aeruginosa was the most common bacteria isolated in 22 (37.9%) eyes followed by Streptococcus pneumoniae in 14 (24.1%) eyes. Table 3 depicts the organisms isolated in culture. Fungi were the most common cause of corneal ulceration in patients with a history of trauma as well as those without 
Complete clinical resolution with medical treatment was seen in 223 (92.9%) eyes. Out of the 17 (7.1%) eyes of 17 patients who required therapeutic keratoplasty, 7 (43.5%) were males, 9 (56.2%) were above 7 years. The aetiological organisms identified were fungi in seven (41.1%) patients (unidentified hyaline fungi: four, Fusarium sp: two, Aspergillus flavus: one), bacteria in four (23.5%) patients (Staphylococcus epidermidis: one, S. pneumoniae: one, Haemophilus influenzae: one, P. aeruginosa: one) and acanthamoeba in one (5.8%). Causative organism could not be identified in five (29.4%) patients. There was no significant difference of need for therapeutic keratoplasty between bacteria and fungi ( p=0.645, using χ 2 test).
Of the 172 patients with documentation of final visual acuity, 105 (61.2%) patients had vision better than or equal to 6/18, 19 (11%) had vision between 6/24 and 6/60, 8 (4.6%) had vision between 5/60 and 3/60, 40 (23.4%) had vision worse than 3/60. Of the 151 patients with preliminary and final visual acuity, vision improved by 2 lines in 68 eyes (45%), stayed the same in 75 eyes (49.6%) and worsened in 8 eyes (5.3%).
Five (7.9%) out of 63 patients with prior empiric treatment needed therapeutic keratoplasty as compared with 12 (7%) patients out of the 171 patients without prior empiric treatment. Nineteen (30.1%) patients with prior empiric treatment had culture positive for fungus as compared with 58 (33.9%) in patients without prior therapy. Similarly, 14 (22.2%) patients with prior therapy were culture positive for bacteria as compared with 44 (25.7%) in patients without prior therapy. As evidenced by the comparison, the type of keratitis was similar in both the groups who received prior medications and who did not. In the 20 patients with retained corneal foreign body, fungus was grown in culture in 1 patient and bacteria in 1 patient. The keratitis resolved with medical treatment in all of them.
DISCUSSION
Microbial keratitis is a significant cause of corneal blindness in low-income and middle-income countries. Difficulties in accessing tertiary care in these settings and poor compliance with the prescribed treatment schedules add to the intensity of morbidity associated with this condition. The problems are compounded in children because of the difficulty to comprehensively examine them, especially in rural settings, where general anaesthesia facilities may not be readily available. In such settings, there may be a high possibility of the children being treated empirically. Amblyopia, due to the residual corneal scar, is a significant cause of visual disability even in successfully treated cases, often leading to significant loss of man years of productivity. 3 In such situations, the knowledge of the epidemiological factors may play a significant role in appropriately managing these conditions.
Many reports about the epidemiology and clinical features of infectious keratitis in children have been reported from around the world. These have been studies in contrast, with reference to aetiological agents, gender involvement and microbiological profiles. 8 While trauma was the most common predisposing factor for microbial keratitis in most of the studies, contact lens wear was cited as the most common aetiology in both the studies from Taiwan and Hong Kong. [8] [9] [10] [11] Male preponderance was noted in the studies from India and USA, while a female preponderance was seen in the studies from Southeast Asia. [8] [9] [10] [11] The mean age reported varied with different parts of the world from 8 to 14 years. However, all of these studies reported bacteria as the most common cause of infectious keratitis in children. Pseudomonas and S. epidermidis were the commonly isolated bacteria in children with infective keratitis. [8] [9] [10] [11] Our study showed a male preponderance for infective keratitis with a mean age of 9.3 years. A comprehensive history is difficult to obtain in the paediatric population. In our study, we could obtain predisposing factors in 57.2% of population. Of these factors trauma was the most significant. Among the preexisting ocular conditions, exposure keratopathy was the most significant factor (9, 3.8%), followed by vernal keratoconjunctivitis (6, 2.5%). Most of these children had been under their own eye care service providers for their comorbid conditions. While most of the patients with exposure keratitis were treated with lubricants and/or antibiotics, the patients with vernal keratoconjunctivitis had a history of being treated with topical steroid medications. All the comorbid conditions could have compromised the intrinsic safety features of a good lid closure and could have altered the normal microbiological flora of the conjunctiva. Among ocular trauma, an injury with vegetative matter was the most common predisposing factor. Similar to the trends in adult keratitis, reported from India, contact lens was not a major aetiological factor associated with this condition. This is the first study which reports fungi as the most common cause of infectious keratitis in children. Fusarium sp was the most common fungus isolated followed by unidentified hyaline fungus, which is different from the previous reports from India where Aspergillus was the most common fungus isolated in paediatric fungal keratitis. 6 The absence of infection with Candida mirrors the trend in adult fungal keratitis in India. 6 12 In patients with bacterial keratitis, P. aeruginosa was the most common isolate which is similar to the previous studies reported.
Despite the higher incidence of fungal keratitis, most of the ulcers resolved with medical treatment. We prefer monotherapy as initial treatment to increase the compliance in paediatric patients. Based on the antibiotic susceptibility testing, our treatment protocol for patients with Gram-positive bacterial infections is to start with fortified cephalosporins (5% cefotaxime or 5% cefazolin) eye-drops. In patients with Gram-positive bacterial infections who worsen with monotherapy, chloramphenicol or fortified vancomycin eye-drops can be added to the primary regimen. Fluoroquinolone eye-drops (0.3% gatifloxacin or 0.5% moxifloxacin) is the preferred monotherapy for patients with Gram-negative bacterial keratitis and for those who worsen, 2% fortified amikacin or 1.4% fortified gentamicin can be supplemented to the primary therapy. Patients with fungal keratitis are treated with 5% natamycin eye-drops and in patients with deeper ulcers and who worsen with monotherapy, 1% voriconazole eye-drops is added. Though we do not perform antifungal Figure 1 Antibiotic sensitivity percentages of common bacterial isolates of paediatric infectious keratitis. Staphylococcous aureus showed 70% susceptibility to most fluoroquinolones. Streptococcus pneumoniae showed 100% susceptibility to most fluoroquinolones. Both have shown 100% susceptibility to levofloxacin and cefotaxime. Both have shown lesser susceptibility to ciprofloxacin. Figure 2 Antibiotic sensitivity percentages of common bacterial isolates of paediatric infectious keratitis. Pseudomonas sp showed 95% susceptibility to fluoroquinolones and 86% to aminoglycosides. However, it did not show 100% sensitivity to any particular drug. Nocardia showed 100% susceptibility to aminoglycosides and 100% resistance to ciprofloxacin and ofloxacin. susceptibility testing as a routine, published report of antifungal susceptibility testing done at our centre showed that Fusarium sp was more susceptible to natamycin than voriconazole, whereas for Aspergillus the MICs for natamycin were significantly higher than that of voriconazole. 13 Therapeutic keratoplasty was required a little lesser than the previous reports of therapeutic keratoplasty in paediatric keratitis. 3 5 10 As a general policy in our institution, all children with central corneal opacity with visual disability are subjected to amblyopia therapy. In spite of complete resolution of ulcers with medical management in most of the children, nearly 40% of children had visual impairment due to residual corneal scar.
Primary preventive measures like protective spectacles and playing under the supervision of adults to prevent keratitis are not feasible in a middle-income country like India. Prompt referral of paediatric patients to ophthalmologists will help in early diagnosis and appropriate therapy, which will help in reducing the complications and the visual disability associated with it.
The main limitations of our study are its retrospective nature and the study being conducted at a tertiary care hospital, where a significant number of patients are referrals after initial treatment.
To conclude, the natural history and the microbial spectrum of children with infective keratitis vary with different geographic regions. Fungus was the most common organism identified in our study from South India. Understanding the regional variations helps in early diagnosis and prompt treatment of children with infective keratitis and can reduce the visual disability associated with it.
